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Before the
Federal Communications Commission

Washington, DC  20554

In the Matter of }
}

Revision of Part 15 Rules of the Commission’s }
Rules Regarding Ultra-Wideband } ET Docket No. 98-153
Transmission Systems }

Comments of A. Peter Annan, Gary R. Olhoeft,
Alan E. Schutz, and David L. Wright

We submit these proposed definitions and rules in response to the Notice of Proposed Rule Making
(NPRM), FCC 00-163, and the request for comments on testing (performed by NTIA and others) in
the proceeding referenced above.

The critical and beneficial uses of UWB geophysical devices have been pointed out in prior comments
to the Commission.  We have provided some highlighted items in Addendum A which summarizes many
of the pertinent points.

The issue of potential interference of UWB ground penetrating radar (GPR) with global positioning
systems (GPS) has also been addressed by many comments.  GPR and GPS systems must often work
together.  Examples in Addendum B illustrate such uses.  Our proposed rules also address reduced
emissions limits in GPS bands.

The statement in NTIA Report 01-383 on page 8-38 that “The signal from Device E [a ground
penetrating radar system] was apparently below measurement system noise and Part 15 measurements
could not be performed.” supports the anecdotal comments submitted elsewhere in these proceedings
that decades of experience in using ground penetrating radar have not produced harmful (nor even
noticeable) interference.  Private testing (Addendum C) has confirmed that the most commonly available
current commercial ground penetrating radar systems produce radiation into the air at levels lower than
Part 15 Class A digital devices per Section 15.109(b).

Given these facts, we would like to propose the following definitions and modifications to the Part 15
rules to allow commercial ground penetrating radar systems to be tested and certified by the
manufacturers, and then used on an unlicensed basis for beneficial public health and safety and other
applications as already noted in other comments to these proceedings.  GPR’s will never be consumer
items deployed in large quantities; they will be used in limited quantities, for short periods of time in any
given location by professionals trained in their proper use.  For some special applications, devices with
higher power or other characteristics outside of these specifications might be desirable, and such
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devices should be licensed or requested under waivers appropriately.  We do not intend that these
proposals should apply to ultra wideband devices in general.  We also propose that GPR systems used
in boreholes and tunnels or with transducers otherwise entirely underground should fall under Part 15
Section 15.211 with this section being reworded to specifically encompass GPR when used in this
context.

Lastly, we see no practical way to implement a proximity switch or detector as proposed in the NPRM
that could not be easily defeated by a user.  Further, the “ground” is not always “down” as discussed in
several comments to these proceedings, and there are materials such as powder snow which would not
have the strength to support a contact switch, other materials such as basalt lava flows which are so
rough any switch would be scraped off, and yet other materials such as clayey soils in which some GPR
transducers get more energy into the ground when lifted slightly above the surface (to provide better
average coupling match) and thus less leakage into the air.  It is certainly possible to educate users and
have them employ a switch so that the GPR is only turned on when it is in use acquiring data and in
contact with the material to be probed.  In the future, a computer might be programmed to detect the
change in coupling of the transducer in air compared to in close proximity to an appropriate material and
turn the GPR off if not in close proximity.  It is not immediately obvious how this can be easily achieved.
Since different systems, transducers, modes of deployment and diverse situations will have markedly
different requirements for minimizing spurious emissions, then a general requirement is to have a
mechanism in place to prevent unattended long-term operation.   The rules could require a mechanism
which the vendor implements in the manner most suitable for the instrument application and which could
be in the form of a dead-man switch, a proximity detector, a time out switch, or other suitable device.

Proposed Definitions

Ground Penetrating Radar (GPR)

Ground penetrating radar (GPR) is a device which exploits the forward or back scattering of
electromagnetic energy to locate and measure the spatial distribution of physical properties
within soil, rock, water, ice, wood, concrete, and similar materials, or locates or images objects
buried in such materials.  GPR devices intentionally radiate into such materials with only
unintentional or spurious radiation into the air.

Ground Penetrating Radar Transducer

A ground penetrating radar transducer is a structure meant to intentionally transmit
electromagnetic energy into the ground with deployment and coupling to the ground as specified
by the manufacturer, but in no case further than one meter from the material to be measured.  It
contains design elements such as coupling materials or shielding to minimize unintentional and
spurious emissions into the air.
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Frequencies of Operation

The physics of electromagnetic wave propagation through common materials of interest (such as
soil, rock, water, ice, wood, concrete, and asphalt) dictates that GPR’s operate over a broad
range of frequencies in order to obtain the penetration depth and resolution necessary to detect,
locate, image, and measure the properties of buried objects and the materials within which they
are buried.  Natural materials have a wide range of possible properties that are highly variable
with environmental parameters such as moisture content and temperature, and may not be
predicted in advance.  Because this variability in properties controls the frequencies necessary
for proper GPR penetration and resolution, GPR’s can neither avoid nor notch out any
frequencies.  Although GPR systems are intentional radiators into the ground, any emissions into
the air are unintentional and spurious in the restricted bands and only intermittently for very
short periods of time.

Average Power or Average Field

For impulse or short pulse GPR systems, the average shall be as specified in Part 15.35(c).  For
other types of GPR systems, the average shall be as specified in 15.35(a) and (b).

Peak to Average Ratio Limit

Peak to average ratio = -10 log10 [pulse width X PRF] dB with a maximum of max 60 dB

Pulse Repetition Frequency (PRF)

Counted average over 1 sec <500 kHz

Pulse Width

First and last time pulse envelope is at 10% of peak value

Proposed Rules

The general provisions of part 15 apply for unlicensed operation with the added definitions above and
the following additional rules specific to ground penetrating radar.

Ground penetrating radar (GPR) systems shall be deployed in proximity to the ground (or material to be
measured) as recommended by the manufacturer or required by these rules.  Such deployments shall be
made to maximize coupling of emissions into the ground and to minimize spurious emissions into the air,
consistent with the proper operation of the equipment.

In order to minimize spurious emissions, when the GPR is not in normal operation, it shall be in an off or
standby mode, making no emissions into either the ground or the air.  To this end, a mechanism shall be
in place to prevent unattended long-term operation of the system.
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The average field strength of unintentional or spurious radiated emissions into air from ground
penetrating radar systems shall be determined by measuring the GPR transducer while deployed as the
manufacturer recommends on a concrete pad with no metallic reinforcing that has been cured for at least
3 months and with horizontal dimensions at least equal to twice the longest length of the GPR transducer
and depth of concrete of at least one meter or one wavelength (in concrete at the center) which ever is
the lesser.  The average field strength of unintentional or spurious radiated emissions into air shall not
exceed the following RMS averages with a peak to average ratio as given in the above definition.

Frequency of Emission Average Field Strength Measured at distance
(MHz) uV/m RMS     (m)
1-30 30     100
30-88 90     10
88-216 150     10
216-960 210     10
960-1200 300     10
1200-2000 30     10
>2000 100     10
(120 kHz measurement BW) (linearly extrapolate distance if other)

Measurements would be made using standard procedures as described in CISPR 16 or equivalent.

Respectfully submitted, 15 August 2001

A. Peter Annan, Ph.D., P.Eng.
President 905-624-8909 of, 905-624-9365 fax
Sensors and Software Inc. apa@sensoft.on.ca
1091 Brevik Place http://www.sensoft.on.ca
Mississauga, ON  L4W 3R7
CANADA

Gary R. Olhoeft, Ph.D.
Professor of Geophysics 303-273-3458 of, 303-273-9202 fax
Colorado School of Mines golhoeft@mines.edu
1500 Illinois Street http://www.mines.edu/~golhoeft
Golden, CO 80401-1887

Alan E. Schutz
Engineering Manager 603-893-1109 of, 603-889-3984 fax
Geophysical Survey Systems, Inc. alan@geophysical.com
13 Klein Drive http://www.geophysical.com
North Salem, NH 03073
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David L. Wright, Ph.D.
Electronics Engineer 303-236-1381 of, 303-236-3200 fax
Crustal Imaging and Characterization Team dwright@usgs.gov
U.S. Geological Survey, M.S. 973 http://www.usgs.gov
P.O. Box 25046 Federal Center
Denver, CO  80225

ENCLOSURES:

1) Addendum A – Beneficial Uses of UWB Geophysical Devices
2) Addendum B – GPR & GPS
3) Addendum C - Emissions Testing of GSSI GPR Products
4) Addendum D – Emissions Testing of Some Sensors & Software Inc. Products
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ADDENDUM A

Beneficial Uses of UWB Geophysical Devices

Many comments have been submitted to the Commission on the critical role of geophysical UWB
devices such as ground penetrating radar.  Without being too detailed, we have included for reference a
paraphrased summary of beneficial uses from Gary Olhoeft comments filed May 22, 2001 and a copy
of comments to the Commission filed May 9, 2001 from Sally G. Zinke, President of the Society of
Exploration Geophysicists.  These two items indicate the breadth of usage and fundamental scientific
nature of UWB geophysical measurements.

a) From Gary Olhoeft May 22, 2001

The following is a partial list of uses of ultra wideband electromagnetic geophysical methods for
public heath and safety and the federal agencies who use them with typical frequencies:

Agricultural nonpoint source pollution USDA, EPA, USGS 0.001 Hz – 1000 MHz
Depth of plow and root zone studies USDA 100 MHz – 1000 MHz
Groundwater quality and quantity USDA, USGS, EPA      1 kHz – 1000 MHz
Highway and bridge integrity DOT FHwyA   0.01 Hz – 1500 MHz
Railroad roadbed integrity DOD, DOT 400 MHz – 1000 MHz
Airport runway & taxiway integrity FAA, DOD/AF/Navy 500 MHz – 1500 MHz
Utility detection, pipeline inspection NTSB,DOE,WAPA   0.01 Hz – 1000 MHz
Power transmission assessment DOE, WAPA 100 MHz – 900 MHz
Leaking underground storage tanks EPA, DOE     1 KHz – 900 MHz
Coal mine safety & subsidence DOI/OSM  1000 Hz – 500 MHz
Earthquake hazards DOI/USGS 0.0001 Hz – 900 MHz
Volcanic hazards DOI/USGS 0.0001 Hz – 500 MHz
Landslide hazards DOI/USGS      1k Hz – 500 MHz
Dam safety DOI/BuRec 100 MHz – 1000 MHz
Dike and levee safety DOD/USArmy CE 100 MHz – 1000 MHz
Collapsed building response FEMA 100 MHz – 900 MHz
Forensics and anti-terrorist DOJ/FBI 100 MHz – 1000 MHz
Acid mine environmental assessment EPA,DOI/USGS 0.001 Hz – 900 MHz
Avalanche victim recovery DOI/NPS, USDA/FS 100 MHz – 900 MHz
Humanitarian demining activities DOD      1 kHz – 1000 MHz
Unexploded ordnance detection DOD/Army/Navy      1 kHz – 1000 MHz
Nonproliferation investigations DOD,DOE      1 kHz – 1000 MHz
Nuclear power plant safety NRC,DOE 500 MHz – 1500 MHz
Environmental contaminant tracking EPA,DOI/USGS 0.001 Hz – 900 MHz
Critical infrastructure characterization DOE, DOI, DOD   0.01 Hz – 1000 MHz
Radio transmitter siting soil mapping FCC, DOD, USCG 9 kHz and up

There are many more commercial and scientific applications such as archeology, planetary
exploration, utility locating, geotechnical construction assessment, ground water exploration,
minerals exploration, oil exploration, and so forth.
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b) From Sally G. Zinke May 9, 2001

Comments by the Society of Exploration Geophysicists

The Society of Exploration Geophysicists submits these comments in response to the Notice of
Proposed Rule Making (NPRM), FCC 00-163, in the proceeding referenced above, and a
more recent request for comments on testing by NTIA and others, and in response to
recommendations and conclusions of others concerning proposed changes to Part 15 rules.
The Society of Exploration Geophysicists (SEG) is the preeminent association representing
applied geophysicists from the United States and around the world.  The SEG has over 18,000
members employed who are active in the oil and gas, mineral, engineering, environmental,
academic and government sectors.  Many of our members could be adversely affected by FCC
rulings on UWB uses of the electromagnetic spectrum and we wish our concerns to be noted.

Electromagnetic field methods form a key part of the geophysical approach to subsurface
mapping and imaging in earth and earth related materials. For many decades this branch of
science has used the fundamental characteristics of electromagnetic fields to probe the electrical
properties of materials beneath the surface.  Making such electrical property observations
demands the use of electromagnetic fields; there is no other solution.  In general, geophysicists
use the electromagnetic spectrum from on the order of 10-4 Hz through to 1010 Hz with most
measurement systems actively energizing the ground and being ultra wide bandwidth according
to the FCC’s NPRM on UWB.  No one device covers the whole spectrum; most devices and
methodologies span one to three decades of spectrum.

In the past, the geophysical needs have been mostly ignored in spectrum management although
there has been input to the NTIA from the United States Geological Survey through the
Department of Interior.  In addition to our needs to measure electromagnetic fields in a scientific
manner and use them in scientific analysis, geophysicists also need to use electromagnetic fields
for communication and navigation.  Many of our field survey methods need to acquire spatial
positioning (e.g. GPS usage is now critical to our membership) and also to electronically transfer
data from remote locations.  As a result, we recognize the need to balance electromagnetic
spectrum usage for communications and navigation against the need for fundamental scientific
measurements of subsurface properties.

To date, geophysical electromagnetic systems have been non-intrusive in their usage of the
electromagnetic spectrum.  Although geophysical systems may create quite strong local fields,
the transmission of such signals into the air is undesirable and minimized by the nature of
coupling into the ground.  Geophysical UWB sources are designed to energize the ground and
are not communications devices.
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In the course of rulemaking, we urge the Commission to recognize the following key issues.

1. Electromagnetic geophysical measurements are of a fundamental scientific nature and
they play an essential role in everyday practical subsurface investigations.  There is no
alternate way of measuring these fundamental electrical properties.

2. Geophysical UWB sources are uniquely designed to energize the ground and must not
be classified or treated in the same manner as communications devices.

3. Rules which are extremely onerous and require substantial paperwork, licensing and
administration will have a huge adverse impact on our membership which is generally
made up of individual practitioners, small groups of scientists, small manufacturers and
service providers.

4. The unique manner of deploying transducers, which are closely coupled to the ground,
makes representative measurement standards difficult and costly to replicate in a
standard test facility.  Standardized test procedures must be kept as simple and as
low cost as is practical.

5. Impediments to novel geophysical applications will be minimized by using the
unlicensed regulation approach as provided for unintentional radiators in Part 15.
Sensible source power limits should be combined with the promotion of awareness of
potential interference within our professional associations, vendor warning labels on
devices and dissemination of “good practice” guides in user manuals to achieve
regulation objectives.

We trust that the above information provides insight into our professional and industrial needs.
As applied scientists, we recognize the need to be cognizant of spectrum usage and encourage
our members to provide technical input to the Commission.  Many of our members have
provided constructive comment to the Commission individually and have cited the vast range of
applications where our technologies are used with great benefit to society.
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ADDENDUM B

GPR & GPS

As has been enunciated many times, GPR applications often require GPS.  These technologies have
been demonstrated to co-exist many times.  The following examples show combined GPR and GPS
systems in full operation.  Many other examples can be cited.

Figure B-1 Centimeter resolution DGPS for precise location positioning for GPR transducer in utility
mapping.  The computer generates more RF emissions into the air than does the GPR.
(Photo by Alan Schutz, GSSI).

   Figure B-2: 500 MHz center-frequency impulse GPR used to map snow depth shown in GPS antenna
location positioning mounted right on top of GPR antenna without interference to either
(photo courtesy of Wintechnik, 3Dgeophsyics and SnowScan).  In this photo the GPR is
being used to locate avalanche victims.
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ADDENDUM C

Emission Testing of GSSI GPR Products

Attached are several emission test reports from independent testing houses on commercial Ground
Penetrating Radar units.

Below is a picture of GSSI’s compact HandyScan, which operates at a center frequency of 1 GHz,
with a PRF of 50 KHz.  Attached is the report of a Japanese test house comparing it to FCC Part 15
Subpart B class B.  This system is primarily used for locating the position and depth of reinforcing bars
of various materials, as well as other utilities such as electrical wiring.

Figure C-1:  GSSI’s HandyScan
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The photo below is of GSSI’s Interragator II, a GPR system that is sold through Vermeer
Manufacturing Co.  It operates at 200 KHz PRF with a center frequency of 300 MHz.  The test for
Emission standard EN50081-2:1993 is attached.

This system is used to locate buried utilities, primarily to prevent destroying them with trenching and
horizontal drilling machines.

Figure C-2:  Interragator II















































ADDENDUM D

Emission Testing of Some Sensors & Software Inc. Products

Attached are testing results from some of Sensors & Software Inc.’s products.  Test results which
span the most common GPR applications are provided.

Important points to note are

a) Emission levels as measured increase as frequencies decrease and support the
submission of Annan (September 9, 2000) to the Commission that allowable
emissions from a GPR should increase as frequency decreases.

b) All test measurements reported are made over a metal ground plane which is not
typical of GPR use and will always yield higher than normal emissions.

c) The computers in the systems, which are integral components of the systems, are
often the source of measured emissions and not the actual GPR emitter.  This result is
the motivation for requesting Part 15 Digital Device emissions levels when testing
GPR’s.

d) Peak and quasi-peak tests yield similar results.  Average emission measurements of
all GPR’s tested could not be detected in the background noise.






































